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sum,  this  study  provides  compel-
ling evidence that the Bcd gradient 
is  sufficiently  reproducible  and  its 
interpretation  sufficiently  precise 
that  cells  could  determine  their 
position based on Bcd alone (Figure 
1,  bottom).  Indeed,  given  the  small 
number  of  Bcd  molecules  in  the 
nucleus and the stochastic nature of 
their interaction with the Hunchback 
control region, the authors contend 
that the Hunchback readout is likely 
to  be  close  to  the  physical  limits 
of  the  system.  Looking  forward, 
these  results  should  focus  future 
research  on  the  biological  mecha-
nisms  underlying  precision  and 
reproducibility. Is there a yet-unde-
fined mechanism for spatial averag-
ing/noise  reduction  at  the  level  of 
Bcd  gradient  interpretation?  What 
is  the  role  of  mRNA  concentration 
in  determining  initial  establishment 
of the gradient, and how are mRNA 
levels  controlled  and  scaled  to  the 
correct size of the embryo?
Several  new  lines  of  inquiry  will 
undoubtedly  emerge  as  develop-
mental  biologists,  physicists,  and 
theoreticians  join  forces  to  seek  an 
ever more detailed understanding of 
morphogen  gradients.  Importantly, 
the  two  studies  described  here  not 
only  advance  our  understanding  of 
Drosophila  development,  but  they 
also address broader  issues of pre-
cision and reproducibility in biologi-
cal  systems  and  suggest  improved 
technical  approaches  for  studying 
protein  dynamics  in  vivo.  Hopefully 
these  methods  will  see  duty  else-
where, providing further insights into 
the  biological  roles  of  Bicoid  and 
other morphogens.
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In this issue of Cell, Guenther et al. (2007) analyze the presence of chromatin marks and 
RNA polymerase at transcription start sites in the human genome. Their results reveal 
that many “inactive” genes harbor histone marks associated with active transcription at 
their 5′ ends and that although these genes initiate transcription, they do not generate 
full-length transcripts.Transcription of genes by RNA poly-
merase  II  (Pol  II)  is  a multistep  pro-
cess  that  requires  initiation  of  tran-
scription  followed  by  the  transition 
to productive elongation to generate 
full-length mRNAs. Each step is qual-
ity  controlled  and  involves  a  multi-
tude of accessory  factors  (Saunders 
et  al.,  2006).  Many  of  these  factors 
are known to modify chromatin, and 
it has been proposed that establish-
ment of an open chromatin structure 
is a key limiting event in transcription. 16  Cell 130, July 13, 2007 ©2007 ElsevieConsistent with this model, genome-
wide studies in yeast and Drosophila 
have  shown  that  covalent  histone 
modifications  around  the  transcrip-
tion start site, including trimethylation 
of lysine 4 (H3K4me3) and acetylation 
of lysine 9 and 14 (H3K9,14Ac) of his-
tone  H3,  are  excellent  predictors  of 
active  transcription  (Pokholok  et  al., 
2005; Schubeler et al., 2004).
A  new  report  in  this  issue  of Cell 
(Guenther et al., 2007) reveals that the 
picture is more complicated in human r Inc.cells. Using chromatin immunoprecip-
itation (ChIP) coupled to DNA micro-
array  analysis  (ChIP-chip),  Young 
and  coworkers  surveyed  the  entire 
genome  in  human  embryonic  stem 
cells and found that the majority of all 
protein-coding genes are marked by 
H3K4me3  (a mark of active chroma-
tin)  in  the  regions  surrounding  their 
promoters. This is a perplexing result 
given that previous studies have indi-
cated that only ?30%–45% of known 
genes  have  detectable  transcripts. 
This  initial  finding  led  the  authors 
to  compare  the  level  of  H3K4me3 
enrichment around transcription start 
sites with expression status as previ-
ously determined by DNA microarray 
analysis  (Sato  et  al.,  2003)  or  high-
throughput  sequencing  (Branden-
berger et al., 2004). H3K4me3 enrich-
ment  was  clearly  detected  in  genes 
previously scored as “inactive,” albeit 
at  a  level  markedly  lower  than  that 
found for “active” genes. Analysis of 
the H3K9,14Ac mark revealed a simi-
lar pattern of enrichment at the same 
subset of inactive genes.
To  directly  address  whether  tran-
scriptional initiation occurs in the sub-
set of inactive genes harboring active 
histone marks, the authors performed 
ChIP-chip analysis using an antibody 
specific for the form of Pol II that ini-
tiates  transcription.  Although  fewer 
genes were enriched for Pol II than the 
active  histone  marks,  many  inactive 
genes did show a low but significant 
level of Pol II binding, results consis-
tent with a recent report from Barski 
and colleagues (2007). These results 
suggest  that  in  human  embryonic 
stem  cells,  Pol  II  recruitment  does 
occur at low levels at many genes that 
do not generate detectable  levels of 
transcript. To confirm the microarray 
data,  the  authors  directly  measured 
the  presence  of  transcripts  from  38 
such genes via quantitative RT-PCR. 
These  inactive  genes  have  an  aver-
age of <1 mature  transcript per cell, 
confirming  that  they  are  generally 
transcribed  at  a  very  low  level,  if  at 
all.  Interestingly, analysis specifically 
of  the 5′  end of genes expressed at 
<1 mature transcript per cell revealed 
a  considerably  higher  number  of  5′ 
transcripts for nearly all genes tested. 
Taken together, these results suggest 
that  many  genes  initiate  transcrip-
tion but do not proceed to productive 
elongation (Figure 1).
To test this hypothesis, two histone 
modifications  that  mark  the  intra-
genic  regions of actively  transcribed 
genes, namely trimethylation of lysine 
36  (H3K36me3)  and  dimethylation 
of  lysine  79  (H3K79me2)  of  histone 
H3, were surveyed via ChIP-chip. As 
predicted, both marks were detected 
almost  exclusively  downstream  of figure 1. RnA Polymerase, Active chromatin Marks, and Productive Transcription
Distribution of “active” histone marks and RNA polymerase II around the transcription start site. 
Two classes of genes transcribed by RNA polymerase II (RNA Pol II+) are present in the human 
genome, as defined by the presence of covalent modifications of histone H3. Both classes are 
marked around  the  transcription start site with H3K4me3 and H3K9,14Ac. However, only one 
class (productive) is also marked downstream of the transcription start site by H3K36me3 and 
H3K79me2, hallmarks of ongoing  transcriptional elongation. Genes  lacking  these  latter marks 
initiate transcription at a relatively low efficiency but do not proceed to the elongation stage of 
transcription  (nonproductive). A  third class of genes  (RNA Pol  II−,  left) harbors H3K4me3 and 
H3K9,14Ac  around  the  transcription  start  site  but  is  not  simultaneously  bound  by  Pol  II.  For 
this class of genes, deposition of these marks may depend on the sporadic recruitment of Pol 
II at a level insufficient for detection by chromatin immunoprecipitation. A fourth class of genes 
(RNA Pol II−, right) is enriched for neither Pol II nor any of the above-mentioned histone marks. 
The promoter region of this class of genes may adopt a chromatin structure that is refractory to 
recruitment of Pol II and associated histone-modifying enzymes.promoters  that  generate  detect-
able  full-length  transcripts.  Analysis 
of  the  form of Pol  II  that  carries  out 
transcription  elongation  revealed 
a  similar  bias.  These  data  suggest 
that  although  transcription  initiation 
occurs  in  the  majority  of  genes  in 
human embryonic stem cells, in only 
a  subset  of  these  genes does Pol  II 
go  on  to  complete  the  transcription 
cycle.  Given  the  unique  capacity  of 
human embryonic stem cells to acti-
vate any somatic expression program, 
the  authors  hypothesized  that  such 
abortive  transcription  is  a  property 
unique to these cells. Yet they detect 
a  similar  pattern  of  Pol  II  binding  at 
the transcription start site of inactive 
genes in primary human hepatocytes 
and B  lymphocytes,  suggesting  that 
this  phenomenon  is  widespread  in 
human tissues.
What  role  might  such  abortive 
transcription play in gene regulation? 
For  genes  regulated  at  a  postinitia-
tion  stage,  such  as  genes  encoding 
heat-shock  proteins,  the  presence 
of  a  poised  polymerase  allows  for 
rapid  transcription  upon  induction 
(Saunders  et  al.,  2006).  However,  of 
the  genes  marked  by  H3K4me3  or 
H3K9,14Ac, only 65 or 75%, respec-Cell 1tively, are simultaneously associated 
with Pol II. These results indicate that 
deposition  of  these  marks  occurs 
independently of Pol II recruitment, or 
as a consequence of transient recruit-
ment  of  Pol  II  at  a  level  insufficient 
for  detection  by  ChIP.  Regardless, 
the  presence  of  these  active  marks 
or  an  as  yet  unidentified  associated 
chromatin feature may serve to inhibit 
transcriptional  silencing.  Intriguingly, 
promoter  CpG  islands  are  marked 
by  H3K4me2  in  human  fibroblasts 
regardless  of  expression  status,  but 
only  when  free  of  DNA  methylation 
(Weber  et  al.,  2007).  An  extensive 
analysis of genomic and epigenomic 
characteristics  of  1%  of  the  human 
genome performed by the NIH-funded 
ENCODE  Project  Consortium  also 
revealed  the  presence  of  H3K4me2 
and  H3K4me3  at  CpG  islands  (The 
ENCODE Project Consortium, 2007). 
These results raise the possibility that 
these  histone marks  protect  against 
DNA  methylation.  If  so,  might  CpG 
islands exist in vertebrates as a con-
sequence of Pol  II-dependent depo-
sition of H3K4me2 and H3K4me3 or 
associated active marks in the germ-
line? Consistent with this hypothesis, 
Guenther et  al.  (2007) do not detect 30, July 13, 2007 ©2007 Elsevier Inc.  17
H3K4me3  in  genes  within  specific 
gene  clusters,  such  as  olfactory 
receptor genes—almost all of which, 
we note, are controlled by CpG-poor 
promoters.  Clearly,  further  work  is 
needed  to  determine  how  active 
histone  marks  around  transcription 
start  sites of  inactive genes are  set, 
whether  they  serve  to  protect  these 
regions  against  establishment  of  an 
“irreversible”  silent  state,  and,  if  so, 
whether  this  phenomenon  is  unique 
to vertebrates.
How might transcription be inhibited 
at a step following Pol II recruitment? 
Transcriptional pausing, poor proces-
sivity, degradation of the transcription 
machinery, and abortive  initiation are 
all  plausible  explanations  (Saunders 
et al., 2006). Intriguingly, a number of 
genes in mouse embryonic stem cells 
and  in  human  T  cells  are  enriched 
not  only  for  H3K4me3  but  also  for 
H3K27me3  (Bernstein  et  al.,  2006; 
Barski  et  al.,  2007),  a  mark  associ-
ated with the Polycomb group of tran-18  Cell 130, July 13, 2007 ©2007 Elsevie
In  the  budding  yeast  Saccharomy-
ces cerevisiae,  two  ubiquitin-like 
(UBL) molecules, Atg8 and Atg12, are 
required for the formation of autopha-
gosomes, the double-membrane ves-
icles  that  engulf  cytosol  and  organ-
elles  during  autophagy  (Ichimura  et 
al.,  2000).  These  ubiquitin-like  pro-
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Atg8 is a ubiquitin-like protein 
through conjugation to the lipi
togawa et al. (2007) show that 
membranes and stimulates m
the autophagosomal membranscriptional  repressor  proteins.  The 
presence of this mark and associated 
Polycomb  proteins  may  antagonize 
transcription  at  a  postinitiation  stage 
(Dellino et al., 2004). Alternatively,  for 
many genes, the transition to produc-
tive elongation may require the activity 
of additional  regulatory proteins. The 
experiments of Guenther et al. (2007) 
challenge  the view  that Pol  II  recruit-
ment  is  the  predominant  rate-limit-
ing event  in gene activation  for most 
genes  in  human  cells  and  highlight 
the fact that much is still to be learned 
about the regulation of the postinitia-
tion stages of transcription.
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